Introduction {#Sec1}
============

Immunological hypotheses have become increasingly prominent within psychiatric research (Muller and Schwarz [@CR102]), suggesting that inflammation and autoimmunity could be involved in the etiology and pathogenesis of some patients with symptoms of schizophrenia and depression (Miller et al. [@CR97]; Drexhage et al. [@CR41]). Previously, the brain was regarded as an immune privileged site, protected by the blood--brain barrier, but particularly within the last decades, studies have demonstrated that the immune system may affect the brain and induce psychiatric symptoms. Many diverse immune alterations have been observed in persons with schizophrenia, such as elevated levels of cytokines and inflammation markers (Muller and Schwarz [@CR102]; Nikkila et al. [@CR107]; Potvin et al. [@CR119]; Dowlati et al. [@CR40]; Howren et al. [@CR65]). Abnormalities of the blood--brain barrier have been indicated in studies of patients with schizophrenia and severe depression (Uranova et al. [@CR147]), together with signs of central nervous system (CNS) inflammation (Bechter et al. [@CR8]). Additionally, increased prevalence of autoimmune diseases has been observed in patients with both schizophrenia and mood disorders, and studies have indicated increased autoantibody reactivity and elevated autoantibody levels even in the patients with no known autoimmune diseases (Laske et al. [@CR83]; Tanaka et al. [@CR139]). Also, both schizophrenia and depression have been associated with genetic markers related to the immune system (Marballi et al. [@CR91]; Stefansson et al. [@CR133]; Shelton et al. [@CR129]).

Inflammatory mechanisms can affect the brain through many different pathways that are not necessarily mutually exclusive (Jones et al. [@CR69]; Dalman et al. [@CR32]; Yolken and Torrey [@CR156]; Niebuhr et al. [@CR103]; Eaton et al. [@CR43]). During inflammation and infections the permeability of the blood--brain barrier might be increased, making the brain particularly vulnerable to inflammation and immune components, such as antibodies and cytokines. Infections and immune components can particularly affect the brain during periods with increased permeability of the blood--brain barrier, which occurs during trauma and inflammation (Margutti et al. [@CR92]; Irani and Lang [@CR66]). Peripheral inflammation or infections can additionally interact with the neuroendocrine system regarded to be involved in psychiatric disorders through multiple pathways (Dantzer et al. [@CR33]; Rivest [@CR123]). Furthermore, experimental animal studies have found that symptoms of depression and psychosis can be induced by inflammation or brain-reactive antibodies (Katzav et al. [@CR72]; Diamond et al. [@CR36]; Chen et al. [@CR27]). In summary, genetically vulnerable individuals might be at risk of developing neuropsychiatric symptoms like schizophrenia and depression as a consequence of inflammation and immune components affecting the brain. If the immunological alterations are confirmed to play a role in the pathogenesis of schizophrenia and depression, it could provide an interesting and promising target of future prevention and treatment.

A Historical Overview of the Associations {#Sec2}
=========================================

The possibility that bacterial infections have a causal relationship to psychoses was reported as early as 1896 (Noll [@CR108]), and virus infections have been suspected since the 1918 influenza pandemic was followed by multiple reports of post-influenza psychoses and schizophrenia-like symptoms (Torrey et al. [@CR143]). Later, when antibiotics were introduced, anecdotal data suggests that significant proportions of patients with psychiatric symptoms caused by neurosyphilis were cured also for their psychiatric symptoms (Sullivan et al. [@CR136]). However, interest in the possible connection between infections and the occurrence of psychiatric disorders waned due to lack of further relevant treatment methods, but during the last decades, research on the relationship between infections and psychiatric disorders has re-emerged (Yolken and Torrey [@CR156]).

Research on the associations with autoimmune diseases began in the 1950s, where investigators were puzzled by the apparent protective effect of schizophrenia on rheumatoid arthritis (Trevathan and Tatum [@CR145]; Pilkington [@CR117]). Furthermore, in the 1950s and 1960s, clinicians noticed what seemed to be an unusually high occurrence of celiac disease in persons with schizophrenia (Bender [@CR9]; Graff and Handford [@CR55]). Also, as early as the 1960s, a variety of autoantibodies with cross-reactivity against brain antigens were described in the sera and CSF of patients with schizophrenia (Fessel [@CR47]; Heath and Krupp [@CR60], [@CR61]). In the last decade, a wider range of autoimmune diseases, infections, and autoantibodies have been implicated in population-based prospective studies as increasing the risk for schizophrenia and depression.

How Infections Can Induce Psychiatric Symptoms? {#Sec3}
===============================================

Various infectious agents have the potential to penetrate the blood--brain barrier and invade the CNS directly, possibly after reaching a threshold level of bacteremia (Kim [@CR76]). Furthermore, inflammation in response to infections can affect the brain through many different pathways, hereunder increased permeability of the blood--brain barrier. Peripheral infections and inflammation can also affect the brain without passing the blood--brain barrier through proinflammatory cytokines activating the tryptophan--kynurenine pathway that regulates NMDA glutamate receptor activity together with serotonin production (Dantzer et al. [@CR33]), and this may indirectly also affect dopamine regulation (Muller and Schwarz [@CR102]). Studies have additionally indicated that peripheral inflammation can affect the brain through stimulation of peripheral nerves such as the vagal nerve (Dantzer et al. [@CR33]) or through alterations of the microbioma (Cryan and Dinan [@CR31]). Several infectious agents can persist in the CNS and may not present with neurological symptoms, such as *toxoplasma* and certain viruses like Borna disease virus, HIV and hepatitis C virus, and even if not directly involved in destruction of CNS tissue, it might trigger CNS immune responses and thereby indirectly cause damage (Wilkinson et al. [@CR151]; Shankar et al. [@CR128]; Fishman et al. [@CR48]). Furthermore, inflammation might act as a priming event on microglia, inducing a long-term development of abnormal signal patterns possibly involved in schizophrenia and depression (Hickie et al. [@CR63]). Infections can additionally induce the development of autoimmune diseases and autoantibodies, possibly affecting the brain through a mechanism called molecular mimicry (Diamond et al. [@CR36]; Rose [@CR124]).

How Autoimmunity Can Induce Psychiatric Symptoms? {#Sec4}
=================================================

Autoimmune diseases are characterized by "self-reactivity" induced by autoantibodies and T-cells that can react against the body's own tissues and induce diverse symptoms, depending on the affected part of the body (Davidson and Diamond [@CR35]). Many autoimmune diseases involve multiple organs and general dysfunction of the immune system which could affect the brain and induce psychiatric symptoms. CNS symptoms associated with autoantibodies have mostly been recognized in cancer patients with paraneoplastic symptoms that may in part be caused by an immunologic reaction where antibodies against tumor antigens cross-react with elements of the nervous system (Kayser et al. [@CR74]; Darnell and Posner [@CR34]). Brain-reactive antibodies have also been associated with some autoimmune diseases and are suspected to induce the high prevalence of neuropsychiatric symptoms observed in some autoimmune diseases, such as systemic lupus erythematosus (Margutti et al. [@CR92]; Ballok [@CR5]; Rice et al. [@CR121]; Sundquist et al. [@CR137]). Additionally, experimental studies have demonstrated that neuropsychiatric syndromes can be induced after an influx of brain-reactive antibodies into the brain (Kowal et al. [@CR80]).

Associations Between Autoimmune Diseases and Schizophrenia {#Sec5}
==========================================================

Large-scale Danish population-based studies with up to 20,317 patients with schizophrenia and 39,076 patients with non-affective psychosis have shown that individuals with schizophrenia are associated with a nearly 50 % higher lifetime prevalence of autoimmune disorders (Eaton et al. [@CR43]; Benros et al. [@CR11]). A cross-sectional analysis of a national sample from Taiwan on 10,811 individuals with schizophrenia replicated the association of a range of autoimmune diseases with schizophrenia, including specific positive associations with celiac disease, Graves' disease, psoriasis, pernicious anemia, hypersensitivity vasculitis, and the negative association with rheumatoid arthritis (Chen et al. [@CR28]). Screening studies of persons with schizophrenia have found antibodies to the self-antigen tissue transglutaminase, indicative of celiac disease, in about five times as many persons as expected (5.4 vs 0.8 % in the CATIE study, *n* = 1,401) (Reichelt and Landmark [@CR120]; Cascella et al. [@CR25]; Jin et al. [@CR68]; Samaroo et al. [@CR125]). Furthermore, antibodies to gliadin, indicating sensitivity to wheat not necessarily associated with autoimmune disease, are also found in much higher proportion in patients with schizophrenia (23.1 vs 3.1 % in the CATIE study) (Cascella et al. [@CR25]; Samaroo et al. [@CR125]; Dickerson et al. [@CR39]), which is interesting since a wide range of neurological complications are associated with antibodies to gliadin, even in the absence of autoimmune disease (Irani and Lang [@CR66]; Hadjivassiliou et al. [@CR57]; Jackson et al. [@CR67]). Clinical studies have estimated the prevalence of celiac disease to be 2.1--2.6 % in patients with schizophrenia compared to 0.3--1 % in the general population (Cascella et al. [@CR25]; Kalaydjian et al. [@CR70]).

Based on the Danish register data, hospital contacts because of autoimmune diseases had occurred in 2.4 % of the patients before a schizophrenia diagnosis and autoimmune diseases occurred in 3.6 % of patients with schizophrenia after the diagnosis, resulting in 6 % of people with schizophrenia who had a hospital contact with autoimmune diseases during follow-up (Benros et al. [@CR11], [@CR15]). Based on data from the study in Taiwan (Chen et al. [@CR28]), 3.4 % of persons with a hospital contact for autoimmune diseases also had a hospital contact with schizophrenia during the follow-up period, which was shorter than the Danish studies. These prevalence estimates are based on hospital contacts only, and the actual prevalence of autoimmune diseases in people with schizophrenia is likely much higher if one were to screen the individuals, as exemplified by the clinical studies investigating the prevalence of celiac disease, which was much more common than in the register-based studies.

The Risk of Schizophrenia After an Autoimmune Disease Diagnosis {#Sec6}
===============================================================

A Danish population-based study on 7,704 patients with schizophrenia showed that the relative risk of schizophrenia for an individual with a history of autoimmune disease, in themselves or in their family, was elevated by about 45 % (Eaton et al. [@CR43]). Subsequent larger Danish population-based studies on 20,317 patients with schizophrenia and a total of 39,076 patients with non-affective psychosis confirmed that the risk of autoimmune diseases was increased by 45 % after an autoimmune disease diagnosis (Benros et al. [@CR11], [@CR15]; Eaton et al. [@CR44]). However, when restricting to persons without a history of infection, the increased risk of schizophrenia diminished from 45 to 29 % (Table [6.1](#Tab1){ref-type="table"}) (Benros et al. [@CR11]). Additionally, the study found that when autoimmune diseases and severe infections occurred together they interacted in synergy and increased the risk of schizophrenia by 2.25 times, which did not seem to be confined to one particular pathogen (Benros et al. [@CR11]).Table 6.1Relative risk of schizophrenia spectrum diagnosis in persons with a hospital contact for autoimmune diseases and infections, Denmark, 1977--2006Schizophrenia spectrum disorders in persons without infectionsSchizophrenia spectrum disorder in persons with hospital contact with infectionsAutoimmune diseaseRR^a^95 % CICasesRR^a^95 % CICasesReference without autoimmune disease or infection1.00(Reference)29,3721.00(Reference)29,372**Any autoimmune disease1.29**1.18--1.41483^b^**2.25**2.04--2.46444^b^**Autoimmune diseases with suspected presence of brain-reactive antibodies:1.48**1.31--1.68244**2.56**2.25--2.89243Autoimmune hepatitis**2.75**1.38--4.8310**8.91**6.50--11.8443Autoimmune thyroiditis----3**4.57**2.09--8.518Celiac disease**2.11**1.09--3.6111**2.47**1.13--4.618Guillain Barre syndrome1.220.58--2.199**2.84**1.52--4.7612Multiple sclerosis**1.44**1.03--1.9439**2.10**1.37--3.0624Sjögren's syndrome2.070.82--4.206----4Systemic lupus erythematosis1.840.92--3.2310**2.11**1.06--3.7010Thyrotoxicosis (Graves disease)**1.94**1.47--2.4956**2.47**1.68--3.4929Type 1 diabetes**1.27**1.04--1.53104**2.04**1.68--2.44109**Other autoimmune diseases listed below:1.19**1.05--1.34256**1.95**1.70--2.23212Ankylosing spondylitis1.380.79--2.20151.680.72--3.257Crohn's disease1.220.88--1.6539**1.67**1.18--2.2736Iridocyclitis1.320.87--1.9125**1.99**1.21--3.0618Juvenile arthritis1.000.52--1.71111.770.95--2.9712Psoriasis vulgaris**1.37**1.01--1.8047**2.77**2.07--3.6349Seropositive rheumatoid arthritis0.750.51--1.0628**2.15**1.52--2.9535Ulcerative colitis1.220.97--1.5180**1.65**1.24--2.1452Autoimmune diseases with too few cases to calculate the individual risk^c^**1.59** ^d^1.13--2.1736**2.21** ^d^1.53--3.0732*Source*: Benros et al. Am J Psychiatry. 2011^a^Boldface indicates that the 95 % confidence interval did not include 1.0. Relative risks were not estimated when there were less than five exposed cases^b^Cases do not add up as one can have multiple autoimmune diseases^c^Alopecia areata, autoimmune hemolytic anemia, dermatopolymyositis, idiopathic thrombocytopenic purpura, myasthenia gravis, pernicious anemia, primary adrenocortical insufficiency, primary biliary cirrhosis, pemphigus, pemphigoid, polymyalgia rheumatica, scleroderma, vitiligo, Wegener's granulomatosis^d^Estimates should be interpreted with caution, but these autoimmune diseases were estimated together for completeness

The Risk of Autoimmune Diseases After a Diagnosis with Schizophrenia {#Sec7}
====================================================================

Individuals diagnosed with schizophrenia had a 53 % increased risk of subsequent diagnoses with autoimmune diseases, particularly the group with suspected presence of brain-reactive antibodies had a 91 % increase of risk (Table [6.2](#Tab2){ref-type="table"}). There was a significant multiplicative interaction between having both a schizophrenia diagnosis and hospital contacts due to infections which increased the risk of subsequent autoimmune diseases by 2.7 times (Fig. [6.1](#Fig1){ref-type="fig"}) (Benros et al. [@CR15]). In persons with schizophrenia, but no hospital contacts due to infections, the risk of autoimmune diseases was elevated with 32 % and diminished with time to a non-significant level in the time period 15 or more years after the schizophrenia diagnosis, whereas for persons with schizophrenia and infections the risk remained elevated. The increased incidence of autoimmune diseases following a diagnosis of schizophrenia might in some cases reflect symptoms of schizophrenia resulting from neuropsychiatric manifestations from the not-yet diagnosed autoimmune disease, particularly in the group with suspected presence of brain-reactive antibodies.Table 6.2Relative risk of autoimmune diseases after the diagnosis with schizophrenia spectrum disorder in Denmark (1987--2010)^a^Autoimmune diseasesCasesRR95 % CIPersons without schizophrenia (reference)1.00(Reference)**Any autoimmune disease**142,3281,401**1.53**1.46--1.62**Autoimmune disease with suspected presence of brain-reactive antibodies**75,087849**1.91**1.78--2.04Autoimmune hepatitis1,87840**3.51**2.51--4.73Autoimmune thyroiditis3,386230.900.58--1.33Celiac disease2,350201.330.82--2.03Guillain Barre syndrome1,64824**2.73**1.77--3.99Multiple sclerosis9,75983**1.57**1.29--1.90Sjögren's syndrome1,994191.310.80--2.00Systemic lupus erythematosis2,101191.570.96--2.39Thyrotoxicosis17,3081361.100.93--1.30Type 1 diabetes28,272478**2.83**2.58--3.10**Other autoimmune diseases**80,979642**1.21**1.11--1.30Alopecia areata1,37791.050.50--1.90Ankylosing spondylitis3,661210.780.49--1.16Crohn's disease12,11798**1.33**1.08--1.61Idiopathic thrombocytopenic purpura1,660141.360.76--2.21Iridocyclitis9,220801.180.94--1.46Pernicious anemia1,08219**2.59**1.58--3.95Polymyalgia rheumatica2,396110.610.31--1.04Primary adrenocortical insufficiency78520**3.81**2.36--5.79Primary biliary cirrhosis4789**2.65**1.26--4.81Psoriasis vulgaris13,269190**2.13**1.84--2.45Seropositive rheumatoid arthritis15,76882**0.75**0.60--0.93Ulcerative colitis22,2891460.990.84--1.16Autoimmune diseases with too few cases to calculate the individual risk^b,\ c^6,701250.720.47--1.04*Source*: Benros et al. Am J Psychiatry 2014^a^Incidence rate ratios were adjusted for age and its interaction with sex, and calendar year. Persons without a history of schizophrenia spectrum diagnoses were chosen as reference category. Boldface indicates a significant result^b^Only estimates building on five or more exposed cases are shown^c^Estimates should be interpreted with caution, but the following autoimmune diseases were estimated together for completeness: autoimmune hemolytic anemia, pemphigus, pemphigoid, vitiligo, juvenile arthritis, Wegener's granulomatosis, dermatopolymyositis, myasthenia gravis, scleroderma Fig. 6.1Relative risk of subsequent autoimmune diseases in people with schizophrenia (significant multiplicative interaction between schizophrenia and infection on the risk autoimmune diseases (*p* = 0.004). *Source*: *Benros et al.* Am J Psychiatry 2014

Associations with a Family History of Either Autoimmune Diseases or Schizophrenia {#Sec8}
=================================================================================

A family history with autoimmune diseases has been shown to increase the risk of schizophrenia by 10 % and a family history with schizophrenia increases the risk of autoimmune diseases by 6 % (Benros et al. [@CR15]; Eaton et al. [@CR44]). However, a family history with bipolar disorder was not significantly associated with autoimmune diseases, and there was no association in the reverse direction either (Benros et al. [@CR15]; Eaton et al. [@CR44]). A family history with the following specific autoimmune diseases has been associated with an increased incidence of schizophrenia in a nationwide Danish study (Eaton et al. [@CR44]): autoimmune hepatitis, type 1 diabetes, Sjögrens syndrome, iridocyclitis, multiple sclerosis, psoriasis vulgaris, and dermatopolymyositis, whereas only a family history with pernicious anemia was associated with bipolar disorder out of the 30 autoimmune diseases studied. The association with a family history of diabetes type 1 and autoimmune thyrotoxicosis with schizophrenia has been confirmed in other populations as well (Wright et al. [@CR154]; Gilvarry et al. [@CR49]). A family history of schizophrenia was associated with pernicious anemia, diabetes type 1, iridocyclitis, autoimmune hepatitis, systemic lupus erythematosus, Sjögren's syndrome, and primary biliary cirrhosis.

Associations Between Autoimmune Diseases and Depression {#Sec9}
=======================================================

Several autoimmune diseases, such as diabetes type 1, multiple sclerosis, systemic lupus erythematosus, and autoimmune thyroid disease, have been associated with depression in smaller studies (Korczak et al. [@CR79]; Strous and Shoenfeld [@CR135]; Gold and Irwin [@CR50]; Padmos et al. [@CR111]; Pop et al. [@CR118]; Vonk et al. [@CR149]). Rheumatoid arthritis has been associated with depression in several studies and in a meta-analysis (Dickens et al. [@CR37]). A Danish nationwide study on 91,637 cases with a first-time hospital contact due to mood disorders showed that a prior hospital contact because of autoimmune diseases increased the risk of a subsequent mood disorder diagnosis by 57 %, but when separating the effect of infections, autoimmune diseases were associated with an increased risk by 45 % compared to the general population (Table [6.3](#Tab3){ref-type="table"}) (Benros et al. [@CR14]). The risk of developing mood disorders was elevated to the greatest degree in the group of autoimmune diseases with suspected presence of brain-reactive antibodies (58 %), particularly when combined with an infection (2.49 times increase of risk). In another population-based study (Eaton et al. [@CR44]), a 70 % increased risk was found of developing bipolar disorder within 4 years of an autoimmune disease diagnosis and a 20 % increased risk in the time span from 5 years and onwards after the diagnosis, compared to the background population.Table 6.3Relative risk of mood disorders with a hospital contact in persons with hospital contact for autoimmune diseases and infections in Denmark (1977--2010)^a^Mood disorders in persons without infectionsMood disorder in persons with infectionsAutoimmune diseaseRelative risk^b^95 % CICase patientsRelative risk^b^95 % CICase patientsPersons without autoimmune disease (reference)1.00(Reference)60,361**1.621.60**--**1.64**27,081**Any autoimmune disease1.45**1.39--1.522,082^c^**2.35**2.25--2.462,113^c^**Autoimmune diseases with suspected presence of brain-reactive antibodies:1.58**1.49--1.681,057**2.49**2.35--2.651,123Autoimmune hepatitis**2.28**1.53--3.4124**3.13**2.39--4.1152Autoimmune thyroiditis1.050.72--1.5228**1.63**1.09--2.4324Celiac disease**1.91**1.41--2.6041**1.90**1.32--2.7329Guillain Barre syndrome**1.61**1.14--2.2633**2.24**1.58--3.1732Multiple sclerosis**1.52**1.30--1.77162**2.42**2.06--2.86142Sjögren's syndrome**1.79**1.23--2.6127**2.58**1.79--3.7129Systemic lupus erythematosis**2.16**1.61--2.8945**2.19**1.65--2.9247Thyrotoxicosis (Graves disease)**1.28**1.12--1.45228**1.90**1.63--2.21165Type 1 diabetes**1.77**1.61--1.94469**2.84**2.62--3.07603**Other autoimmune diseases listed below:1.35**1.27--1.431,206**2.22**2.08--2.361,282Ankylosing spondylitis1.230.91--1.6544**2.02**1.46--2.8136Crohn's disease**1.75**1.52--2.01191**2.32**2.04--2.65224Iridocyclitis1.221.00--1.48101**2.08**1.70--2.5494Juvenile arthritis1.200.88--1.6439**2.48**1.93--3.1961Psoriasis vulgaris**1.58**1.38--1.81203**2.60**2.27--2.97212Seropositive rheumatoid arthritis1.080.93--1.25167**2.18**1.89--2.52183Ulcerative colitis**1.41**1.27--1.57331**2.27**2.04--2.54315Alopecia areata1.080.66--1.7716**2.43**1.60--3.6922Autoimmune hemolytic anemia**2.53**1.27--5.068**2.28**1.02--5.076Dermatopolymyositis1.250.60--2.627**3.40**2.01--5.7414Idiopathic thrombocytopenic purpura1.180.71--1.9615**2.13**1.37--3.3020Myasthenia gravis1.190.62--2.309----4Pernicious anemia1.370.81--2.3014**2.14**1.24--3.6813Primary adrenocortical insufficiency**2.58**1.53--4.35141.640.95--2.8213Primary biliary cirrhosis1.740.78--3.886----3Pemphigus----2**4.31**1.94--9.606Pemphigoid----1----1Polymyalgia rheumatica1.300.77--2.1914**3.81**2.53--5.7323Scleroderma1.030.56--1.9210**3.18**2.05--4.9320Vitiligo1.240.70--2.1712**2.01**1.14--3.5412Wegener's granulomatosis----2**2.37**1.18--4.758*Source*: Benros et al. JAMA Psychiatry. 2013^a^Analyses were adjusted for sex, age, and calendar period^b^Boldface indicates that the 95 % confidence interval did not include 1.0. Relative risks were not estimated when there were less than five exposed cases. Each separate autoimmune disease gives rise to one analysis adjusted for all other autoimmune diagnoses^c^The data reflect that an individual can have multiple autoimmune diseases

Associations Between Infections and Schizophrenia {#Sec10}
=================================================

Epidemiological studies have indicated a dose--response relationship between urbanicity during upbringing and the risk of schizophrenia (Pedersen and Mortensen [@CR113]), which could be related to, for instance, an increased probability of acquiring infections in urban environments (Yolken and Torrey [@CR156]). An increased risk of schizophrenia has been associated with many different infectious agents, and a recent meta-analysis displayed significant associations between schizophrenia with *Toxoplasma gondii*, human herpesvirus *2*, Borna disease virus, human endogenous retrovirus W, *Chlamydophila psittaci*, and *Chlamydophila* pneumonia (Arias et al. [@CR4]). *T. gondii* infection has in many studies been associated with schizophrenia (Yolken and Torrey [@CR156]; Niebuhr et al. [@CR103]; Torrey et al. [@CR144]), and a recent population-based study indicated a dose--response relationship correlating with the serum titer of *toxoplasma* and the subsequent risk of schizophrenia (Pedersen et al. [@CR115]). An increased risk of schizophrenia has also been associated with herpes simplex virus infection, detected by both serum antibodies (Dickerson et al. [@CR38]; Niebuhr et al. [@CR104]) and CSF antibodies (Bartova et al. [@CR6]). Cytomegalovirus (CMV) antibody titers have been found to be higher in the serum of patients with schizophrenia (Torrey et al. [@CR143]; Leweke et al. [@CR88]) and in the CSF (Torrey et al. [@CR142]). However, studies have shown contradictory associations between CMV and schizophrenia, with stronger associations in newly diagnosed and untreated patients (Leweke et al. [@CR88]), and to date, no neuropathologic evidence of CMV in the brains of patients with schizophrenia has been found (Torrey et al. [@CR143]). Retroviral antigens and products have been identified in patients with schizophrenia (Karlsson et al. [@CR71]; Hart et al. [@CR59]), and other viruses associated with schizophrenia include Borna virus, where an increased serum prevalence having been observed (Chen et al. [@CR26]). An increased prevalence of *Chlamydophila* infection has also been observed in patients with schizophrenia, especially when linked to genetic markers of the immune system (Fellerhoff et al. [@CR46]). Additionally, post-mortem studies have found increased prevalence of *Chlamydophila* DNA in brains from patients with schizophrenia (Fellerhoff and Wank [@CR45]). Psychotic disorders have also in population-based studies been associated with higher rates of several infections, such as pneumonia and pneumococcal disease (Crump et al. [@CR29], [@CR30]; Smith et al. [@CR130]; Seminog and Goldacre [@CR127]).

The Risk of Schizophrenia After Infections {#Sec11}
==========================================

A large-scale Danish nationwide study on 39,076 persons with a diagnosis of schizophrenia spectrum disorders showed that any history of hospitalization with infection increased the risk of schizophrenia by 60 % (Benros et al. [@CR11]). The risk of schizophrenia increased in a significant dose--response relationship with the number of infections (Fig. [6.2](#Fig2){ref-type="fig"}) and were increased the most with the temporal proximity of the last infection. The results remained significant after excluding persons diagnosed with substance use disorders, and there were no important differences in the relative risk added in persons with or without a psychiatric family history. Hospital contact due to infection had previously occurred in 23.6 % of persons diagnosed with schizophrenia spectrum disorders, yielded a population-attributable risk of 9 % associated with hospital contacts due to infections. A subsequent nationwide studies from Sweden confirmed the associations with previous hospital contacts with infections and schizophrenia spectrum disorders (Blomstrom et al. [@CR17]). A subsequent Danish nationwide study on a narrower cohort during a period with complete follow-up of all hospital contacts showed that 45 % of persons with schizophrenia had a previous hospital contact with infection, which increased the risk of schizophrenia by 41 %, with bacterial infections increasing the risk by 63 % (Nielsen et al. [@CR106]).Fig. 6.2Relative risk of schizophrenia spectrum disorders in persons with autoimmune disease and infections. *Source*: Benros et al. *Am J Psychiatry*. 2011

A recent meta-analysis has reported significant associations between childhood CNS infections and schizophrenia (Khandaker et al. [@CR75]). Most studies on individuals with hospitalizations for CNS infections have found an increased risk of schizophrenia, including population-based studies from Denmark, Sweden, Finland, and Australia (Dalman et al. [@CR32]; Benros et al. [@CR11]; Liang and Chikritzhs [@CR89]; Abrahao et al. [@CR1]; Koponen et al. [@CR78]). However, some studies did not find a significant association with CNS infections (Weiser et al. [@CR150]; Suvisaari et al. [@CR138]). In nationwide studies a broad spectrum of infections have been associated with schizophrenia, where sepsis and hepatitis infections were associated with the most elevated risk (2 and 4.9 times, respectively Table [6.4](#Tab4){ref-type="table"}).Table 6.4Relative risk of schizophrenia spectrum diagnosis in persons with autoimmune diseases depending on the site of infection, Denmark, 1977--2006Only infection (no autoimmune disease)Autoimmune diseaseSite of infectionIRR95 % CICasesIRR95 % CICasesSepsis infections**1.95**1.47--2.5155**4.98**2.49--8.7310Hepatitis infections**4.89**4.26--5.58212**8.89**6.03--12.5329Gastrointestinal infections**1.32**1.26--1.391,847**1.82**1.46--2.2483Skin infection**1.71**1.62--1.801,427**2.14**1.69--2.6674Pregnancy related infection1.140.98--1.311851.220.48--2.476Respiratory infections**1.53**1.46--1.611,885**2.25**1.79--2.7977Urogenital infections**1.90**1.79--2.011,200**2.70**2.10--3.4166CNS infections**1.28**1.09--1.50148**2.62**1.31--4.6010Other types of infections**1.70**1.62--1.781,818**1.99**1.60--2.4389Persons without a hospital contact with infection (reference)1.00 (reference)29,372**1.30**1.18--1.42483*Source*: Benros et al. Am J Psychiatry. 2011

Associations Between Infections and Depression {#Sec12}
==============================================

Depression has also been associated with infections in several studies (Okusaga et al. [@CR109]; Goodwin [@CR53]; Steiner et al. [@CR134]). In a study in which patients with depression were asked to describe in their own words their current state, the next most common descriptor was of physical changes that were described in terms of "feeling that the subject was coming down with a viral illness, either influenza or glandular fever, along with descriptions of aches and pains and, in particular, headaches or numbness of the head" (Maj [@CR90]). These symptoms appear to be remarkably similar to symptoms of inflammation and infections. A study has demonstrated the associations of seropositivity for influenza and coronaviruses with both bipolar disorder and unipolar depression (Okusaga et al. [@CR109]). Increased prevalence of anti-Borna disease virus antibodies has been detected in studies of patients with mood disorders (Terayama et al. [@CR140]; Bode et al. [@CR18]); however, a larger, blinded case--control study did not find any associations (Hornig et al. [@CR64]). Chronic hepatitis C virus infections have consistently been associated with an increased incidence of depression, but other factors may be involved, for instance, the association may be due to alcohol and substance abuse or to treatment of hepatitis C with interferon, which is known to induce symptoms of depression. However, a recent study took all these factors into account and still found an increased risk of recurrent brief depression in patients with chronic hepatitis C (Carta et al. [@CR23]). HIV infection and AIDS have also been associated with increased incidence of depressive symptoms, and neuro-HIV infection can replicate in the CNS, which might induce neuropsychiatric symptoms. However, the possible social stigmatization or psychological effect of a HIV/AIDS diagnosis may also increase the risk of mood disorders, which have led to exclusion of HIV/AIDS in larger prospective studies.

The Risk of Depression After an Infection {#Sec13}
=========================================

A Danish nationwide study on 91,637 cases with a first-time hospital contact due to mood disorders showed that any history of hospitalization with infection increased the IRR of later mood disorders by 62 %. The IRR of mood disorders was increased irrespective of the site of infection, with hepatitis resulting in the most elevated risk for mood disorders (2.8 times), followed by sepsis (2.1 times), and urogenital infections (2.1 times) (Table [6.5](#Tab5){ref-type="table"}). The number of infections increased the risk of mood disorders in a dose--response relationship and the risk were increased the most with the temporal proximity of the last infection. Eight or more hospital contacts due to infections were associated with an increased risk for mood disorders by 3.4 times (Fig. [6.3](#Fig3){ref-type="fig"}), and five or more different types of infections raised the risk of mood disorders by 4.8 times. Another recent study found an association between infections in early life and the occurrence of a broad range of mental disorders, including major depression, during youth (Goodwin [@CR53]).Table 6.5Relative risk of mood disorders with a hospital contact among persons with infections according to the infection site^a^Infection but no autoimmune diseaseInfection and autoimmune diseaseSite of infectionRelative risk^b^95 % CICase patients^c^Relative risk^b^95 % CICase patients^c^Sepsis infections**2.06**1.85--2.29332**3.24**2.61--4.0382Hepatitis infections**2.82**2.58--3.08494**3.01**2.33--3.8958Gastrointestinal infections**1.62**1.58--1.667,598**2.52**2.34--2.72676Skin infection**1.70**1.65--1.745,865**2.63**2.43--2.84621Pregnancy related infection**1.68**1.60--1.761,708**2.26**1.90--2.69128Respiratory infections**1.69**1.65--1.747,035**2.72**2.50--2.97527Urogenital infections**2.05**2.00--2.107,037**2.83**2.62--3.05660CNS infections**1.65**1.54--1.78716**2.72**2.17--3.4274Other types of infections**1.81**1.76--1.865,729**2.53**2.32--2.75531Persons without a hospital contact with infection (reference)1.00(reference)60,361**1.45**1.39--1.522,082^a^Analyses were adjusted for sex, age, and calendar period^b^Calculated in nine separate analyses adjusted for sex, age, calendar period, and other infections. Boldface indicates that the 95 % confidence interval did not include 1.0^c^Notice that one individual may have more than one diagnosis Fig. 6.3Relative risk of mood disorders in persons with autoimmune disease and infections. *Source*: *Benros et al. JAMA Psychiatry.* 2013

Associations Between a Family History of Infections and Schizophrenia {#Sec14}
=====================================================================

A number of epidemiological studies suggest that maternal infection during pregnancy is a risk factor for schizophrenia (Yolken and Torrey [@CR156]; Brown et al. [@CR20]; Brown and Derkits [@CR19]; Mednick et al. [@CR93]; Mortensen et al. [@CR99]). It has been suggested that it is not a specific infectious agent causing the disorder, but instead a maternal immune response common to various infectious agents influencing fetal brain development and, in consequence, leading to schizophrenia in later life, most likely in genetically susceptible individuals (Ozawa et al. [@CR110]). As part of the immune response, elevated levels of antibodies are found in mothers of schizophrenic offspring at the end of pregnancy (Buka et al. [@CR21]).

A Danish nationwide study on 3,722 individuals with schizophrenia showed that maternal infections were associated with a 39 % increased risk of schizophrenia in the offspring, and the risk was increased with 23 % after adjustments for parental mental illness (Nielsen et al. [@CR105]). However, there was no significant difference in the increased risk of schizophrenia if the infections occurred during or outside the pregnancy period, and the risk of schizophrenia was similarly increased when comparing infections in the mother or father (39 and 46 %, respectively). The data on a family history with infections could reflect a genetic susceptibility towards acquiring infections in individuals with schizophrenia, which is in line with genetic studies of individuals with schizophrenia (Stefansson et al. [@CR133]).

The Combined Effect of Infections and Autoimmune Diseases as Risk Factors for Schizophrenia and Depression {#Sec15}
==========================================================================================================

Animal studies have shown that if brain-reactive antibodies are present in the blood and agents that increase the permeability of the blood--brain barrier are given, they cause a temporary opening of the blood--brain barrier, with influx of brain-reactive antibodies into the brain and a subsequent development of a neuropsychiatric syndrome (Kowal et al. [@CR80]). This indicates that brain-reactive antibodies in the circulation might not have pathological consequences until there is a breach of blood--brain barrier integrity (Diamond et al. [@CR36]).

Therefore, studies have investigated the combined effect of hospital contacts due to autoimmune diseases and infections on the risk of developing schizophrenia and mood disorders. The combined effect was larger than predicted by a combination of the single effects of the two disease groups, indicating the presence of a synergistic effect of the two exposures, which increased the risk of schizophrenia by 2.3 times and the risk of mood disorders by 2.4 times (Tables [6.1](#Tab1){ref-type="table"} and [6.3](#Tab3){ref-type="table"}) (Benros et al. [@CR11], [@CR14]). The risk of developing schizophrenia or mood disorders was elevated to the greatest degree in the group of autoimmune diseases with a suspected presence of brain-reactive antibodies and infections. The findings could support that CNS autoimmune disorders may require a "double-insult" of circulating pathogenic serum antibodies present at the time when the blood--brain barrier is compromised by, for instance, infection, fever, or stress (Irani and Lang [@CR66]). In persons with an autoimmune disease, three or more hospital contacts due to infections increased the risk of schizophrenia by 3.4 times and eight or more hospital contacts due to infections increased the risk of mood disorders by 4.1 times (Figs. [6.2](#Fig2){ref-type="fig"} and [6.3](#Fig3){ref-type="fig"}). Sepsis is the type of infection that would probably increase the blood--brain barrier permeability the most, and it is interesting that persons with a sepsis infection and an autoimmune disease had a fivefold increased risk of schizophrenia and a 3.3 times increased risk of mood disorders. Of other notice is that having both a hepatitis infection and an autoimmune disease, the risk of schizophrenia is increased by 8.9 times, whereas the risk of mood disorders is increased by 3.0 times. If a person had an autoimmune hepatitis diagnosis and an infection, the risk of schizophrenia was increased by 8.9 times and the risk of mood disorders by 3.1 times. The association between inflammatory diseases in the liver and particularly schizophrenia (Benros et al. [@CR11]), but also mood disorders, is interesting, since autoimmune hepatitis is also associated with brain-reactive antibodies (Kimura et al. [@CR77]), and in patients with severe affection of the liver, as seen in coma hepaticum in the initial phases, psychiatric symptoms are dominating (Butterworth [@CR22]).

Somatic Co-morbidity in Patients with Schizophrenia and Depression {#Sec16}
==================================================================

Both schizophrenia and depression are associated with excess somatic co-morbidity and mortality (Goldman [@CR51]; Laursen et al. [@CR85], [@CR86]; Moussavi et al. [@CR101]). However, recent research indicates that the somatic co-morbidity, as exemplified in this chapter by autoimmune diseases and infections, is not only increased after the diagnoses of psychiatric disorders but also before the diagnosis and therefore probably not only due to the effects of psychiatric medication or lifestyle (Benros et al. [@CR10], [@CR11], [@CR14]; Pedersen et al. [@CR116]). Both schizophrenia and mood disorders have an excess co-occurrence of medical diseases involving inflammatory pathophysiological mechanisms, such as atopic disorders, autoimmune diseases, type 2 diabetes, and cardiovascular diseases (Chen et al. [@CR28]; Moussavi et al. [@CR101]; Pedersen et al. [@CR116]). Depression is also a frequent co-morbidity to many chronic physical illnesses with inflammation, such as cancer (Moussavi et al. [@CR101]). Additionally, Danish large-scale prospective population studies have shown that elevated C-reactive protein levels in the general population are associated with an increased risk of depression but also late-onset schizophrenia (Wium-Andersen et al. [@CR152], [@CR153]).

Genetics {#Sec17}
========

Inflammation-related genes have been associated with susceptibility to both schizophrenia and mood disorders (Shelton et al. [@CR129]), in which environmental influences, such as infections and autoimmune diseases, may interact with genetic factors. Genetic markers within the human leukocyte antigen (HLA) region, which contains genes related to immune function, have been associated with occurrence of both autoimmune diseases and schizophrenia (Stefansson et al. [@CR133]; Jones et al. [@CR69]; Ripke et al. [@CR122]). GWAS studies on schizophrenia patients have consistently implicated chromosome 6 in the HLA region as a common susceptibility factor, and this has been shown in three large-scale GWAS studies (Stefansson et al. [@CR133]; Ripke et al. [@CR122]). Nonetheless, studies of autoimmune diseases and infections as risk factors for either schizophrenia or mood disorders stratified by a psychiatric family history showed that no additional increase in risk was added in persons with a psychiatric family history (Benros et al. [@CR11], [@CR14]). However, several of the autoimmune diseases have been associated with, for instance, different markers in the HLA region, and these markers might be differently associated with psychiatric disorders. This could, for instance, explain the negative association between schizophrenia and rheumatoid arthritis, which has been shown in more than a dozen studies; a fact that could be due to the interplay of genetic influences (Eaton et al. [@CR42]; Benros et al. [@CR13]; Vinogradov et al. [@CR148]). However, ascertainment bias or anti-inflammatory and analgesic effects of antipsychotics might also be involved in this negative association (Mors et al. [@CR98]; Sellgren et al. [@CR126]; Torrey and Yolken [@CR141]).

Influence of Maternal Factors {#Sec18}
=============================

Infections during pregnancy might permanently alter the peripheral immune system of the fetus, and thereby change the response and vulnerability to future infections (Patterson [@CR112]). Early-life exposure to infection and/or immune activation may induce sensitizing or preconditioning effects that can cause the organism to exacerbate reactions to subsequent immunological challenges in later life (Meyer et al. [@CR94]). This could be an alternative explanation for the increased incidence of infections prior to a diagnosis of schizophrenia and depression. Furthermore, epigenetic modifications after exposures to infections or other environmental factors could also induce dysregulation of the immune system.

The Influence of Psychological Stress {#Sec19}
=====================================

Psychological stress can affect the immune system functioning and might increase the risk of acquiring infections and enhancing immunological responses in the individual (Pedersen et al. [@CR114]; Ader et al. [@CR2]). Both schizophrenia and depression are associated with psychological stress particularly preceding the onset of the diagnosis. Thus, the inflammatory response might simply be a parallel finding and not a causal relationship. The relationship might also be bidirectional with immune responses leading to psychological stress preceding the more severe psychiatric symptoms. The psychological effects of having an infection or autoimmune disease may also affect the associations with schizophrenia and depression. However, several of the chronic autoimmune diseases did not by themselves increase the risk, which indicates that the associations are not only due to the psychological stress of living with a chronic disease or being hospitalized.

The Influence of Medical Treatment {#Sec20}
==================================

An iatrogenic effect of medical treatment seems unlikely to explain the major associations, since only some of the autoimmune diseases would be treated with, for instance, steroids or interferon, which may increase the risk of psychosis and depression. Additionally, a decreased risk of psychosis associated with the use of steroids has also been reported (Laan et al. [@CR82]), and newer biological treatment of autoimmune diseases has been shown to decrease the risk of mood disorders (Tyring et al. [@CR146]). Furthermore, anti-inflammatory agents have been suggested to improve depression symptoms in patients with inflammatory disorders and enhance responsiveness to antidepressants (Tyring et al. [@CR146]; Miller [@CR96]; Meyer et al. [@CR95]; Henry et al. [@CR62]). Antibiotics have not been associated with an increased risk of schizophrenia or depression. However, one could speculate that certain types of antibiotics might alter, for instance, the gut microflora, and thereby have positive or negative effects on the immune system, and possibly also on psychiatric disorders (Cryan and Dinan [@CR31]). Additionally, some antipsychotics can also affect immune responses possibly affecting the risk of subsequent autoimmune diseases and infections (Goldsmith and Rogers [@CR52]).

The Influence of Social and Lifestyle Factors {#Sec21}
=============================================

Social and lifestyle factors of persons not yet diagnosed with psychiatric disorders may increase the probability of smoking and alcohol and drug abuse, which can suppress the immune system and thereby increase the vulnerability to infection or have immune-activating effects resulting in autoimmunity (Margutti et al. [@CR92]; Sperner-Unterweger [@CR132]; Sopori [@CR131]). Furthermore, social and lifestyle factors may affect the way individuals seek help in the health care system, and decreased compliance of treatment initiated by the general practitioner might lead to hospital treatment for autoimmune diseases and infections. Nevertheless, the added risk from infections or autoimmune diseases was not more pronounced in persons with a psychiatric family history or a personal history with substance abuse, which could be used as proxy variables for social and lifestyle factors (Benros et al. [@CR11], [@CR14]).

Views on the Role of Infections and Autoimmunity in Association with Schizophrenia and Depression {#Sec22}
=================================================================================================

The underlying etiological mechanisms of the associations between infections and autoimmune diseases with schizophrenia and depression may be numerous and speculative, but not necessarily mutually exclusive and may in fact be interconnected. Both innate and adaptive immune responses might be involved, and there are many different routes of communication between the periphery and the brain (Dantzer et al. [@CR33]). The psychiatric symptoms can be directly triggered by immune components, such as brain-reactive antibodies and cytokines, or infections reaching the CNS, possibly through increased permeability of the blood--brain barrier, or be secondary to systemic inflammation indirectly affecting the brain (Muller and Schwarz [@CR102]; Dantzer et al. [@CR33]; Diamond et al. [@CR36]; Kayser et al. [@CR74]; Bechter [@CR7]). The associations with a range of autoimmune diseases and infections may reflect inflammation as a common pathway to schizophrenia and depression. Increased inflammation may increase the blood--brain barrier permeability, making the brain vulnerable to immune components such as autoantibodies and cytokines, or possibly the effect of specific T-cell subsets that are involved in immune surveillance of the brain (Goverman [@CR54]). Furthermore, an imbalance between the Th1 and Th2 systems has also been proposed as an etiological component (Muller and Schwarz [@CR102]), which would fit with the increased prevalence of autoimmune diseases and atopic disorders in people with schizophrenia (Eaton et al. [@CR43]; Pedersen et al. [@CR116]). Inflammation can additionally affect the brain without passing the blood--brain barrier through stimulation of peripheral nerves (Dantzer et al. [@CR33]) or proinflammatory cytokines activating the tryptophan--kynurenine pathway involved in regulation of the glutamate and serotonin system (Dantzer et al. [@CR33]), and probably also indirectly the dopamine system (Muller and Schwarz [@CR102]). Low-grade brain inflammation has also been proposed as an underlying causal mechanism of subgroups of patients with schizophrenia and severe depression, which could be triggered by infections and autoimmune diseases (Bechter et al. [@CR8]; Bechter [@CR7]). Additionally, inflammation might act as a priming event on microglia, inducing a long-term development of abnormal signal patterns (Hickie et al. [@CR63]). The inflammation associated with severe infections and autoimmune diseases may also reactivate less severe infections that have been associated with schizophrenia and depression, such as herpes virus and *toxoplasma* infections. Some infectious agents escape surveillance by the immune system, but after an acute infection or inflammation, symptoms may flare up from the latent infection (Fellerhoff and Wank [@CR45]). Additionally, alterations of the gut microbiota can also influence brain function and behavior possibly through neural, endocrine, and immune pathways (Cryan and Dinan [@CR31]).

Implications from Large-Scale Epidemiological Studies {#Sec23}
=====================================================

The observed associations in the population-based register studies support a possible immunological contribution in subgroups of patients with schizophrenia and depression. However, whether it is a causal relationship or an epiphenomenon due to, for instance, other environmental factors or common genetic vulnerability remains to be proven. Register-based studies cannot identify specific etiological pathways; nonetheless, the observed associations seem robust. Additionally, there is a temporal and a dose--response relationship particularly for infections, which could indicate causal associations. Furthermore, the associations seem biologically plausible based on experimental animal and human studies. However, the associations between several somatic diseases seem to be of a bidirectional nature with increased incidence both before and after the psychiatric diagnosis. Additionally, new studies indicate that an even broader range of hospital contacts for somatic diseases than previously described seem to be associated with an elevated risk of psychiatric disorders. Even though most people with infections or autoimmune diseases do not develop psychiatric symptoms, immune exposures are rather common, and, in particular, infections might prove to be an important risk factor that is very common.

Schizophrenia and depression have complex, multifactorial, and to a large extent unknown etiologies (Yirmiya and Goshen [@CR155]). A main contributing risk factor in population-based studies is a psychiatric family history that is, however, unlikely to be a sufficient cause and probably increases the risk of psychiatric disorders through interaction with environmental risk factors (Agerbo et al. [@CR3]; Mortensen et al. [@CR100]). Genetically vulnerable individuals might be at a particular risk of developing psychiatric disorders like schizophrenia and depression as a consequence of inflammation and immune components affecting the brain. Subgroups of people with schizophrenia and depression may demonstrate features of an autoimmune process, and the hypothesis is strengthened by the findings of an increased familial association between autoimmune diseases and schizophrenia (Eaton et al. [@CR43]; Wright et al. [@CR154]; Benros et al. [@CR15]). Additionally, it is interesting that etiological mechanisms similar to those of schizophrenia and depression are hypothesized to be involved in the initiation of autoimmunity where genetic susceptibility is required along with triggering events such as infections (Goldsmith and Rogers [@CR52]).

Perspectives {#Sec24}
============

Diagnostic delay and under-treatment of somatic co-morbidity is a general problem for psychiatric patients (Laursen et al. [@CR85]; Goldman [@CR51]; Harris and Barraclough [@CR58]), and possibly explains the increased mortality (Laursen et al. [@CR85], [@CR86]). The increased mortality in psychiatric patients is actually mainly due to somatic diseases, even though suicide has received the most attention (Laursen et al. [@CR86]; Laursen [@CR84]). Hence, a thorough clinical examination and frequent somatic check-ups also seem of the utmost importance in patients with schizophrenia and depression. Screening for somatic diseases affecting the brain, such as autoimmune diseases and infections, preferentially with material closer to the brain, such as CSF in addition to sera, could in the near future prove to be helpful in diagnosing and treatment planning for persons with first-onset symptoms of schizophrenia and depression. However, the CNS is well protected and still difficult to access in vivo with regard to investigating signs of inflammation or relevant immune components.

Interestingly, recent CSF screening studies of patients with schizophrenia, and no known autoimmune diseases or infection, have detected autoantibodies or antibodies against infectious agents in the CSF of 3.2--6 % of patients with schizophrenia (Bechter et al. [@CR8]; Kranaster et al. [@CR81]). Furthermore, an increasing number of previously unknown antibodies with reactivity against the CNS are being reported in recent years (Steiner et al. [@CR134]; Graus et al. [@CR56]). Some of the strongest evidence for the potential for autoimmunity and immune components to cause psychiatric symptoms comes from the NMDA antibody-induced limbic encephalitis where psychiatric symptoms are often dominant in the initial and the remission phase of the disorder in up to 70 % of the cases (Kayser and Dalmau [@CR73]), and which has been demonstrated to be treatable with immune therapies (Graus et al. [@CR56]; Kayser and Dalmau [@CR73]).

Potentially, immune and autoimmune processes could be involved in the prodrome and perhaps etiology of a non-negligible proportion of individuals with schizophrenia and depression. Symptom manifestations of autoimmune conditions might particularly resemble the subtype of psychosis and depression with chronic relapsing remitting illness, for instance (Yum et al. [@CR157]). Subgroups of schizophrenia and depression could prove to be of a more systemic character, with inflammation as a common etiological mechanism that, besides the neuropsychiatric symptoms, includes physical diseases such as autoimmune disease, cardiovascular disease, diabetes, and cancer (Dantzer et al. [@CR33]; Leboyer et al. [@CR87]). In addition, some psychiatric disorders and somatic diseases might have shared causes and be manifestations of the same underlying disease process or be exacerbated by each other. Whether or not the co-occurrence of somatic diseases in people with psychiatric symptoms is causally related to the psychiatric symptoms, the individuals would benefit from treatment for their somatic co-morbidity to reduce mortality and improve quality of life.

Conclusion {#Sec25}
==========

In summary, experimental animal studies as well as human studies indicate that many diverse immune challenges can induce symptoms of schizophrenia and depression. There seems to be a solid association between autoimmune diseases and infections with both schizophrenia and depression based on large-scale nationwide studies. A prior autoimmune disease is associated with an increased risk of schizophrenia by 29 % and depression by 45 %. Any history of hospitalization with infection is associated with an increased risk of schizophrenia with 60 % and depression by 62 %. The combined effect of having had hospital contacts with both autoimmune diseases and infections increased the risk of schizophrenia by 2.3 times and the risk of depression by 2.4 times. Particularly the number of infections requiring hospitalization increases the risk of developing schizophrenia and depression in a dose--response relationship. Hospital contact because of infections was the most common risk factor, occurring in nearly 24 % of all patients before a schizophrenia diagnosis and in nearly 32 % of all patients before a depression diagnosis. Hospital contacts because of autoimmune diseases had occurred in 2.4 % of the patients before a schizophrenia diagnosis and in 5 % before a mood disorder diagnosis. After the diagnosis with schizophrenia the subsequent risk of autoimmune diseases is increased by 53 %, and in individuals with schizophrenia and hospital contacts for infections the risk is increased by 2.7 times. Autoimmune diseases occurred in 3.6 % after the schizophrenia diagnosis.
